We report on benthic foraminifer results from Site 717 in the Distal Bengal Fan. Only 80 out of 380 samples contained useful benthic foraminifer information. However, we were able to identify four assemblages: 1. A present-day one dominated by Nuttallides umbonifera with some North Atlantic species; 2. An agglutinated fauna consisting of one species; 3. A reworked assemblage consisting of shallow-water forms; and 4. A reworked fauna consisting of an abundance of all kinds of forms including Cretaceous species. The reworked assemblage 4, we believe, represents a period when fan sediments were blocked from this area by east-west trending intraplate deformation. In the remainder of the core section, sedimentation appears to be dominated by Fan deposition with abundant terrestrial debris. In the infrequent pelagic intervals, it appears that abyssal water masses changed little since the late Miocene.
INTRODUCTION
Although the Bengal Fan is the largest deep-sea fan in the world, it is poorly sampled for subsurface material. Fewer than 100 short cores have been retrieved (Curray and Moore, 1971; Curray et al., 1981) , and only one spot-cored DSDP site (Leg 22, Site 218) has been drilled in the Fan.
Leg 116 had several objectives and the one that is partially addressed here is the first one listed in Cochran, Stow, et al. (1989) : to determine the age of intraplate deformation. With benthic foraminifers, we may be able to delineate when sediment sources to the north (i.e., the head of the Fan) were cut-off and other sources introduced. However, our own objective here was to determine Neogene paleoceanographic characteristics and possibly link the Antarctic region with this one using samples collected subsequently on Leg 119.
This chapter focuses on Site 717 (Holes A, B, C) with a few additional samples from the lower sections of Hole 718C. Shipboard biostratigraphy indicates the oldest sediments here to be upper Miocene (Cochran, Stow, et al., 1989) . In Site 717, Holes A and B, only one core (10 m) was recovered while at Hole C there were 91 cores with a recovery of 58.9% and one hole depth of 828.2 m (Cochran, Stow, et al., 1989) . Based on preservation of carbonate at these sites, the carbonate compensation depth (CCD) has been at or slightly below these sites throughout the record represented here. Site 717, Holes A and B, recovers only the Holocene-late Pleistocene; recovery in the upper 50 m of Site 717, Hole C, was about 10% so there is a sampling gap between 10 and 50 m at this site. However, Site 717 had the most continuous sediment record and it was chosen as our reference site.
We report on the benthic foraminifer distributions of the Neogene of Site 717 (Holes A-C) and possible implications for deformation history together with paleoceanographic implications.
PREVIOUS WORK
There has been an abundance of previous work done recently on plate deformation and other structural problems in this region (e.g., McAdoo and Sandwell, 1985; Neprochnov et al., 1988; and Zuber, 1987) . We discuss only a few of these in the discussion section where necessary.
In terms of paleoceanography, relatively little has been done in the Bengal Fan region; the sites in this leg are almost the only cores to penetrate past the Holocene. However, there has been some excellent baseline work done on modern benthic foraminifer distributions that are essential to interpreting the core sequences (Corliss, 1979a, b; 1983) ; Peterson, 1984) .
PHYSIOGRAPHY AND HYDROGRAPHY
A brief description of physiography and hydrography is included here to facilitate later discussion on paleoceanographic interpretations. The largest structural feature in the area is the Ninetyeast Ridge ( Fig. 1) and it affects the deep-water circulation profoundly. Peterson (1984) suggests two sources of possible contamination of deep-sea sediments here-distal turbidites originating from the Bengal Fan and downslope transport from the relatively steep slopes of the Ninetyeast Ridge. Additional sources are suggested by Cochran, Stow, et al. (1989) to be different continental sources (i.e., shelf edge off Sri Lanka) or adjacent seamounts. We have evidence for three of these sources in the Neogene of Site 717 but not from the seamounts. One of the controls on these sources is suggested to be east-west trending ridges caused by intraplate deformation and blocking of sediments from the north by up-thrown blocks. We believe the foraminifer data show evidence of this blocking.
Hydrographically the Bengal Fan is a complex area controlled by a variety of different bottom-water sources but also by sills and the Ninetyeast Ridge. Peterson (1984) notes that the deep waters of this area of the central Indian Basin all originate externally, either in the Antarctic or the Atlantic Ocean. The central Indian Basin is largely closed to the south below 3500 m water depth, blocking deep Antarctic water (Kamaev et al., 1977; Warren, 1981a) . Warren (1981a, b) suggest bottom waters in the eastern part of the central Indian Basin are derived from a boundary current in the harton-Cocos Basin east of the Ninetyeast Ridge, that overflows through saddles in the Ninetyeast Ridge into the central Indian Basin. These saddles were identified by Sclater and Fisher (1974) to be about 3500 to 4000 m water depth. Bathymetric profiles of different physical characteristics of the seawater (e.g., salinity, temperature) show that water in both basins is essentially uniform below 3800 m (Peterson, 1984) . Peterson (1984) notes that deep and bottom water can be distinguished by their physical properties in this region but suggests that they are each in reality a mixture of Antarctic and Atlantic water and the transition is not as distinct as in the Atlantic.
METHODS
Ten-cm 3 samples were processed for study of benthic foraminifers. All material was stored in a cold room subsequent to processing. Sediment was wet sieved through a 63-µ.m (#230 mesh) screen to remove silt and clay material.
Most samples contained so little sand that they were examined in liquid medium, which ensures the preservation of delicate and organic forms (e.g., Rhizammina algaeformis inner linings). In samples with excess sand, the samples were dried and foraminifers separated using the floatation method with carbon tetrachloride.
A total of 13 samples from Hole 717A, 10 from 717B, 339 from 717C, and 18 from 718C were examined. Samples from Site 717 (all three holes) containing foraminifers are reported quantitatively in Table 1 (Cores 1-30). Below Core 30 only six samples warranted quantitative examination-these are also in Table 1 . Data are reported as total absolute abundances with relative percentages for each individual species. Qualitative results are reported for the remaining samples, in Table 2 . All samples in the tables are identified with core-section number together with interval within the section and the sub-bottom hole depth.
The most common hemipelagic benthic foraminifer species are illustrated in Plate 1. Photomicrographs were taken on a scanning light microscope (SLM) manufactured by Irvine Optical. Details of the method are available from the senior author or in Gerakaris (1986) .
RESULTS
As noted in shipboard reports, the Leg 116 sites were not attractive for biostratigraphic study. Of the 380 samples examined in this chapter, only 80 warranted thorough quantitative treatment (Table 1) . Total numbers per 10 cm 3 in Table 1 range from 1 to 99,200 but many samples, especially in the upper part of the section, had less than 10 individuals. Samples with high numbers were usually those with mostly reworked specimens. Given the poor data set there is still a valuable contribution from microfossils, in this case benthic foraminifers, for Leg 116, although biostratigraphic information is limited.
Several types of fauna exist and the occurrence of each is described here.
1. Present-Day Fauna: This assemblage is usually dominated by Nuttailides umbonifera with Epistominella exigua and Eponides weddellensis as secondary species. Oridorsalis umbonatus, Planulina wuellerstorfl, Pullenia subcarinata, Cassidulina subglobosum, Gyroidina soldanü, and Eponides tumidulus all occur in low but consistent abundances. Another species, never reported from this area previously, also occurs commonly in the late Pleistocene (717A, B)-Stetsonia horvathi. This is an Arctic Ocean species (Lagoe, 1977) that sometimes enters the North Atlantic (Scott et al., 1989) (Table 1 ). This type of fauna only occurs in two samples outside the 150-to 250-m interval (Cores 116-717C-49X-1, -717C-49X-2, Table 2 ).
5. Barren Intervals: These are not classified as assemblages but most of the cores consist of this type of unit, especially below Core 30 from Hole 717C. However, the barren intervals are not all the same-some contain large amounts of terrestrial material, including wood fragments; some contain a lot of pyrite and pyrite tube fillings; and others contain absolutely nothing after they are wet sieved through a 63-µm screen. More details are provided in Table 2 .
DISCUSSION
The present-day fauna described here (No. 1) is very similar to that reported by Peterson (1984) for this area except that Peterson (1984) did not see some of the smaller species, in particular E. weddellensis, because he used the fraction >150 µm. He did not see Stetsonia horvathi either, but this might be a result of this species not occurring in modern faunas, as it does not occur in modern faunas of the Atlantic, either. The correlation between the Pleistocene faunas here and Peterson^ (1984) data is not unexpected, but we were unable to detect any changes in this fauna throughout the entire section-i.e., we cannot distinguish glacial/interglacial faunas. This more than likely results from the rare occurrences of this fauna (in 19 samples out of 380), which makes it virtually impossible to identify any but the most general paleoceanographic trends. Perhaps the most interesting section is 116-717C-70X-6 (Table 1) , which contains an exceptionally wellpreserved, abundant N. umbonifera fauna, identical to the modern one but late Miocene in age, suggesting that the present circulation pattern might have been in existence since late Miocene. The composition of this assemblage attests to its multi-source origin with both Antarctic and North Atlantic species being common, although the Antarctic bottom-water indicator, N. umbonifera, is the most dominant form.
Oxygen isotope study of the N. umbonifera from the pelagic intervals was not attempted because in most cases the foraminifer tests were badly etched and we do not have anything like a continuous record.
The agglutinated fauna observed in some sections probably result from changing levels of the CCD. This is similar to a Rhizammina fauna observed in Baffin Bay during low-carbonate periods (Scott et al., 1989) . Identifications are tenuous because we are dealing only with inner linings.
By far the most dominant fossil elements in the sediments of Site 717 are the reworked components. In the upper Table 2 . Qualitative data for Cores 116-717C-30X to -91X and selected levels of Hole 718C. A = Abundant, C = Common, R = Rare, T = Terrestrial, F = Foraminifer, W = Worm, VA = Very Abundant, RW = Reworked, Frags = Fragments, B = Benthic, P = Planktonic, ** = refers to data in Table 1 .
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sections, recent shallow-water forms such as Ammonia beccarii probably originating from the continental edge of India, are most prominent. However, in the 150-to 250-mbsf interval of Hole 717C, an extremely diverse reworked fauna occurs with all age ranges from Cretaceous to Holocene in sediments that are relatively carbonate-rich. It had been suggested (Cochran, Stow et al., 1989 ) that the carbonate-rich material came from a nearby seamount; however, these seamounts have no proven Cretaceous material while the Ninetyeast Ridge does have some Cretaceous material, fairly close to the Leg 116 drilling sites (McGowran, 1977) , and we believe that this is the most likely source of most of the sediments in the 150-to 250-mbsf interval of Site 717. It is also possible that material has come from the west-the Chagos-Laccadive Ridge-but no Cretaceous is reported from there (McGowran, 1977) .
The source of the reworked material in the 150-to 250-mbsf interval might be related to the deformation history of the area. It was suggested in a preliminary report that deformation started at about 7.5-8.0 Ma (Cochran, Stow et al., 1988) . As long as the deformation (i.e., ridges uplifting) took place slowly, the sediment from the Bengal Fan could continue to override any gradual uplift, but if the ridge uplift accelerated it might have blocked off sediment supply from the north and allowed sediment from the east (the Ninetyeast Ridge) to be the dominant source. We believe this is what the 150-to 250-mbsf interval represents. Figure 2 (adapted from Fig. 24 , p. 182, Cochran, Stow et al., 1989) , shows the approximate position of these sediments, which corresponds with seismic unit III of Cochran, Stow et al. (1989) . Chronostratigraphically this corresponds with mid-Pliocene to the base Km 718-ç^frffg feSRF? 8 Figure 2 . Seismic section across the Leg 116 area with Unit III (Cochran, Stow et al., 1989) indicated. of the Pleistocene, apparently confirming the preliminary suggestion that accelerated deformation took place until 2 Ma. However, it also seems to indicate that this accelerated uplift was rather short in duration. This duration might be illusionary because sedimentation rates in the 150-to 250-mbsf interval might have been much lower than in the remainder of the section. This sediment unit also corresponds chronologically with the onset of Northern Hemisphere glaciation but does not continue into the Pleistocene, so we believe it is coincidental. In fact, there is probably continuous input from the east, but the usually high sediment input from the fan to the north may dilute the reworked fossils so as to make them nondetectable when the northern source is not cut off. Increased earthquakes during more rapid deformation may contribute to increased input from the Ninetyeast Ridge as well.
Further evidence of sediment blocking in this interval can be found in the seismic record itself. In this short interval, reflectors are definitely noncontinuous over the small deformation to the south of Site 717 in Figure 2 . Other reflectors above and below also appear to pinch out but none so clearly as the interval marked Unit III in Figure 2 .
We believe it is clear that the 150-to 250-mbsf interval represents a change in sediment supply that is probably related to intraplate deformation. However, it is difficult to identify the exact age because of poor biostratigraphic resolution.
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